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(57) ABSTRACT

A method of manufacturing a solid-state image sensor, the
method comprising preparing a structure including a sub-
strate and an insulating member provided thereon, the sub-
strate including a photoelectric conversion portion, forming
a first opening in the insulating member, the first opening
having a bottom face at a position higher than an upper face
of the substrate and an inclined first face, forming a first
member to fill the first opening, forming a second opening
in the first member, forming a third opening, having a
second face, in the insulating member by etching part of the
insulating member under the second opening using the first
member, and forming a second member to fill the third
opening, wherein the inclined angle of the first face is

HOIL 27/146 (2006.01) smaller than that of the second face.
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METHOD OF MANUFACTURING
SOLID-STATE IMAGE SENSOR

BACKGROUND OF THE INVENTION

[0001] Field of the Invention

[0002] The present invention relates to a method of manu-
facturing a solid-state image sensor.

[0003] Description of the Related Art

[0004] A solid-state image sensor includes, for example, a
substrate including a photoelectric conversion portion, an
insulating member arranged on the substrate, and a light-
guide portion arranged in the insulating member and on the
photoelectric conversion portion. The light-guide portion
guides incident light to the photoelectric conversion portion
by reflection. The light-guide portion is formed by, for
example, forming the insulating member on the substrate,
and then forming an opening in the insulating member and
filling the opening with a translucent member having a
higher refractive index than that of the insulating member.
[0005] Japanese Patent Laid-Open No. 2008-103757 dis-
closes a structure in which an inclined angle of a side face
of the upper part in a light-guide portion (an angle formed
by the side face and the upper face of a substrate) is smaller
than an inclined angle of a side face of the lower part in the
light-guide portion. According to Japanese Patent Laid-
Open No. 2008-103757, after an insulating member is
formed on the substrate, a resist pattern having an opening
is formed on the insulating member and the first etching as
isotropic etching is performed on the insulating member by
using the resist pattern as a mask. Consequently, an opening
having an inclined side face is formed in the upper part in the
insulating member. Then, the second etching as anisotropic
etching is further performed on the insulating member in
which the opening has been formed by using this resist
pattern as the mask. By such a procedure, an opening for the
light-guide portion is formed such that an inclined angle of
a side face of the upper part in the opening becomes smaller
than an inclined angle of a side face of the lower part.
According to a method in Japanese Patent Laid-Open No.
2008-103757, a void is hardly generated in the light-guide
portion when the light-guide portion is formed by filling the
opening with a translucent member.

[0006] According to the method in Japanese Patent Laid-
Open No. 2008-103757, however, the shape of the side face
(inclined side face) of the opening formed by the first
etching may change in the second etching and the shape of
the opening for the light-guide portion obtained after the
second etching may deviate from a desired shape. Therefore,
in the light-guide portion obtained by filling the opening
with the translucent member, a light collection amount may
decrease by decreasing the upper diameter of the light-guide
portion or incident light may not be reflected properly
toward the photoelectric conversion portion. This may cause
a decrease in the light collection characteristic of the light-
guide portion.

SUMMARY OF THE INVENTION

[0007] The present invention provides a technique advan-
tageous in preventing, in a solid-state image sensor which
includes a light-guide portion in which an inclined angle of
a side face of the upper part is smaller than an inclined angle
of a side face of the lower part, a decrease in the light
collection characteristic of the light-guide portion.
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[0008] One of the aspects of the present invention pro-
vides a method of manufacturing a solid-state image sensor,
the method comprising preparing a substrate which includes
a photoelectric conversion portion, and an insulating mem-
ber which is provided on the substrate, forming, above the
photoelectric conversion portion, a first opening in the
insulating member, the first opening having a bottom face
apart from an upper face of the substrate and having a first
side face inclined to the upper face of the substrate, forming
a first member so as to fill the first opening, forming, above
the photoelectric conversion portion, a second opening in
the first member, forming, above the photoelectric conver-
sion portion, a third opening in the insulating member by
etching a portion of the insulating member between the
second opening and the photoelectric conversion portion by
using the first member having the second opening as a mask,
the third opening having a second side face, and forming a
second member so as to fill the third opening, wherein an
angle formed by the first side face and the upper face of the
substrate is smaller than an angle formed by the second side
face and the upper face of the substrate.

[0009] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a view for explaining an example of the
structure of a solid-state image sensor;

[0011] FIGS. 2A to 2H are views for explaining an
example of a method of manufacturing the solid-state image
sensor;

[0012] FIGS. 3A to 3C are views for explaining an
example of the method of manufacturing the solid-state
image sensor;

[0013] FIGS. 4A to 4E are views for explaining an
example of the method of manufacturing the solid-state
image sensor; and

[0014] FIG. 5 is a block diagram for explaining an
example of the arrangement of a camera.

DESCRIPTION OF THE EMBODIMENTS

[0015]

[0016] An example of the structure of a solid-state image
sensor 100 according to the present invention will be
described with reference to FIG. 1. FIG. 1 shows a unit pixel
in an image capturing region of the solid-state image sensor
100. The solid-state image sensor 100 includes, for example,
a substrate 110, an insulating member 120 arranged on the
substrate 110, a light-guide portion 131 arranged in the
insulating member 120, and an optical element 150 arranged
above the light-guide portion 131. For example, a photo-
electric conversion portion 111 and a transistor configured to
read out charges generated in the photoelectric conversion
portion 111 as signals are formed in the substrate 110. In
FIG. 1, a gate electrode 112 of the transistor is exemplified.
[0017] The insulating member 120 is formed by, for
example, stacking a plurality of insulating layers. In this
example, the insulating member 120 includes silicon oxide
layers 121a to 1214 and silicon carbide layers 1224 to 122¢.
More specifically, the silicon oxide layer 1214, the silicon
carbide layer 122a, the silicon oxide layer 1215, the silicon
carbide layer 1225, the silicon oxide layer 121¢, the silicon

(Structural Example of Solid-State Image Sensor)
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carbide layer 122¢, and the silicon oxide layer 1214 are
arranged in this order from the lower side to the upper side.
[0018] The light-guide portion 131 is arranged in the
insulating member 120 and on the photoelectric conversion
portion 111. The light-guide portion 131 is obtained by
forming a translucent member 130 so as to form an opening
in the insulating member 120, and then to fill the opening
while covering the insulating member 120. The light-guide
portion 131 can be formed such that its refractive index
becomes higher than each refractive index of the at least
some layers of the insulating member 120. For example, a
member having a high refractive index such as silicon
nitride is used for the member 130. With such a structure, the
light-guide portion 131 guides incident light to the photo-
electric conversion portion 111 by refraction.

[0019] The light-guide portion 131 includes a first portion
131a on the side of the photoelectric conversion portion 111
and a second portion 1315 on it. An angle 61 formed by the
side face S1 of the portion 1315 and the upper face of the
substrate 110 is smaller than an angle 63 formed by the side
face S3 of the portion 131a and the upper face of the
substrate 110. As described above, the light-guide portion
131 is obtained by filling the opening formed in the insu-
lating member 120 with the member 130. At this time, by
forming the opening with the side face of the upper portion
of'the opening (the upper part of the opening) being inclined,
it is possible to prevent the upper portion of the opening
from being closed with the member having the high refrac-
tive index before the member having the high refractive
index is deposited appropriately in the lower portion of the
opening (the lower part of the opening). Therefore, a void (a
cavity caused by an embedding defect) is hardly generated
in the light-guide portion 131 when the light-guide portion
131 is formed by filling the opening with the member having
the high refractive index.

[0020] Note that the word “inclination” refers to neither a
horizontal state nor a vertical state to the upper face of the
substrate 110, and an angle formed by an inclined side face
(e.g. S1 or S3) and the upper face of the substrate 110 may
be expressed as an “inclined angle” of the side face. The side
face S3 of the portion 131¢ may be inclined as shown in
FIG. 1. However, it may almost be perpendicular to the
upper face of the substrate 110. In order to increase the light
collection characteristic of the light-guide portion 131, a
step (more specifically, a surface almost parallel to the
horizontal direction) is not preferably formed in the bound-
ary between the side face S3 of the portion 131a and the side
face S1 of the portion 13164.

[0021] A wiring portion 140 is arranged in the insulating
member 120. The wiring portion 140 is arranged, for
example, so as to surround the light-guide portion 131 on the
periphery or a part of the light-guide portion 131 in a planar
view with respect to the upper face of the substrate 110 (to
be simply referred to as a “planar view” hereinafter). Con-
sequently, the wiring portion 140 prevents leakage light
from a neighboring pixel or leakage light to the neighboring
pixel.

[0022] The wiring portion 140 includes, for example, a
plug 141, a wiring pattern 142, a plug 143, and a wiring
pattern 144. The wiring pattern 142 can be arranged in the
first wiring layer (a wiring layer closest to the substrate 110)
and made of an electrical conducting material such as copper
or aluminum. The wiring pattern 144 can be arranged in the
second wiring layer (a wiring layer above the first wiring

Jan. 19, 2017

layer) and made of the electrical conducting material, like
the wiring pattern 142. The plug 141 can connect the
substrate 110 and the wiring pattern 142, and be made of an
electrical conducting material such as tungsten. The plug
143 can connect the wiring pattern 142 and the wiring
pattern 144, and be made of the electrical conducting
material, like the plug 141. Note that in this example, the
silicon carbide layers 1224 to 122¢ can function as anti-
metal-diffusion films.

[0023] The optical element 150 can be arranged, for
example, on a silicon oxide layer 151, a passivation film
152, a planarizing layer 153, and a color filter 154 above the
member 130 which forms the light-guide portion 131. In
another example, between the optical element 150 and the
member 130, the above-described layers, film, or only some
of the members 151 to 154 may be arranged, or another
layer, film, or member may further be arranged as needed.
[0024] The solid-state image sensor 100 exemplified
above can be manufactured by using a well-known semi-
conductor manufacturing process. Some examples of a
method of manufacturing the solid-state image sensor 100
according to the present invention will be described by
paying attention to a step of forming the light-guide portion
131.

[0025] (First Example)

[0026] The first example of the method of manufacturing
a solid-state image sensor 100 will be described with refer-
ence to FIGS. 2A to 2H. In a step of FIG. 2A, a substrate 110
where a photoelectric conversion portion 111, a gate elec-
trode 112, and the like are formed is prepared, and then an
insulating member 120 is formed on the substrate 110. As
described above, the insulating member 120 includes, for
example, silicon oxide layers 121a to 121d and silicon
carbide layers 122a to 122¢. The insulating member 120 can
be formed, for example, by repeating CVD (chemical vapor
deposition) and CMP (chemical mechanical polishing) alter-
nately. Note that during each step of forming the insulating
member 120, a wiring portion 140 (plugs 141 and 143, and
wiring patterns 142 and 144) can be formed at a desired
position in the insulating member 120 by using PVD (physi-
cal vapor deposition), a damascene method, or the like.
[0027] In a step of FIG. 2B, an opening 210 is formed in
the upper part of the insulating member 120. The opening
210 is formed such that its side face S1 is inclined. For
example, letting W1 be a width of the opening 210 flush with
the upper face of the insulating member 120, and W2 be a
width of the bottom face of the opening 210, the relation of
W1>W?2 holds. This step can be performed by, for example,
plasma etching. Etching conditions (for example, the mix-
ture ratio, the temperature, and the like of an etching gas)
can be adjusted such that the opening 210 is formed with its
side face S1 being inclined.

[0028] In this example, a mode has been described in
which the opening 210 is formed so as to expose the silicon
carbide layer 12256. However, the depth of the opening 210
is not limited to this example. Etching conditions when the
silicon oxide layers 1214 and 121c¢ are etched and etching
conditions when the silicon carbide layer 122c¢ is etched can
be adjusted such that the side face S1 of the opening 210
becomes substantially straight.

[0029] In a step of FIG. 2C, a resin 211 is formed on the
insulating member 120 so as to fill the opening 210 while
covering the upper face of the insulating member 120, and
a resist pattern 212 having an opening 213 is further formed
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on the resin 211. The opening 213 is formed in the planar
view such that its outer edge overlaps the side face S1 of the
opening 210. That is, letting W3 be a width of the opening
213, the relation of W1>W3>W2 holds. Note that the resin
211 can be formed by, for example, spin coating. A prede-
termined planarizing process such as CMP may be per-
formed on the upper face of the resin 211, as needed.

[0030] In a step of FIG. 2D, a part under the opening 213
as a part of the resin 211 is etched by using the resist pattern
212 as a mask. This step can be performed by, for example,
plasma etching. By this step, an opening 214 is formed in the
resin 211. The opening 214 is formed so as to expose the
bottom face of the opening 210 and a part of the vicinity
(periphery) of the bottom face as a part of the side face S1
of the opening 210. In other words, a state is obtained in
which a portion other than the part of the side face S1 of the
opening 210 (a portion outside the part in the planar view)
is covered with the resin 211. In FIG. 2D, a portion of the
side face S1 which is covered with the resin 211 is denoted
by “S2”.

[0031] In a step of FIG. 2E, a portion of the insulating
member 120 under the opening 214 is etched by using the
resist pattern 212 and the resin 211 where the opening 214
has been formed as masks. This step can be performed by,
for example, plasma etching. An etching stopper made of
silicon nitride or the like may be arranged on the photoelec-
tric conversion portion 111 of the substrate 110. In this case,
this step can be completed in accordance with exposure of
the etching stopper. Note that in this step, the portion S2 of
the side face S1 of the opening 210 is covered with the resin
211. Therefore, the portion S2 is not further etched by
plasma etching in this step and its shape does not change.

[0032] In a step of FIG. 2F, the resin 211 is peeled off by
using a peeling material and is removed. By this step, a state
is obtained in which an opening 215 is formed in the
insulating member 120.

[0033] According to the above-described procedure, the
opening 215 is formed such that an angle 91 formed by the
side face S1 of the upper portion of the opening and the
upper face of the substrate 110 becomes smaller than an
angle 63 formed by the side face S3 of the lower portion of
the opening and the upper face of the substrate 110.

[0034] In a step of FIG. 2G, a light-guide portion 131 is
formed by filling the opening 215 with a member 130 by, for
example, high-density plasma CVD. Silicon nitride or the
like can be used for the member 130. However, another
member made of a material having a high refractive index
may be used and, for example, an organic material such as
aresin may be used. The member to fill the opening 215 may
be the same material (for example, silicon oxide) as the
material contained in the insulating member 120 or may be
a material having a lower refractive index than that of the
material contained in the insulating member 120. Multiple
reflection among a plurality of layers having different refrac-
tive indices can be reduced by filling the opening 215 with
a uniform material even if the insulating member 120 is
formed by these plurality of layers.

[0035] Note that CMP may be performed on the upper face
of the member 130 to the extent that the upper face of the
insulating member 120 is not exposed. If portions made of
different materials exist on the upper face, the difference in
the polishing rate may be made between them, causing a
height difference on the upper face. It is therefore possible
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to planarize the upper face of the insulating member 120
appropriately by not exposing the upper face.

[0036] In a step of FIG. 2H, an optical element 150 is
formed on a silicon oxide layer 151, a passivation film 152,
a planarizing layer 153, and a color filter 154 above the
member 130 which forms the light-guide portion 131. As
described above, the structure of the solid-state image sensor
100 exemplified in FIG. 1 is obtained.

[0037] According to this example, in the step of FIG. 2E,
the portion S2 of the side face S1 of the opening 210 is
covered with the resin 211. Therefore, the portion S2 is not
further etched by plasma etching in this step and its shape
does not change. It is therefore possible to prevent the shape
of the opening 215 (in addition, the shape of the light-guide
portion 131 obtained by filling the opening 215 with the
member 130) obtained in the step of FIG. 2F from deviating
from a desired shape. Hence, this example is advantageous
in preventing a decrease in the light collection characteristic
of the light-guide portion 131.

[0038]

[0039] The second example of the method of manufactur-
ing a solid-state image sensor 100 will be described with
reference to FIG. 3. A step of FIG. 3A is performed after an
opening 210 is formed in an insulating member 120 with the
same procedure as in the first example described above, that
is, after the step of FIG. 2B.

[0040] In the step of FIG. 3A, after a resin 311 is formed
on the insulating member 120 so as to fill the opening 210
while covering the upper face of the insulating member 120,
silicon oxide 312 is formed on the resin 311 and a resist
pattern 313 is further formed on the silicon oxide 312. The
resist pattern 313 has an opening 314. The opening 314 is
formed in the planar view such that its outer edge overlaps
a side face S1 of the opening 210. That is, letting W4 be a
width of the opening 314, the relation of W1>W4>W2
holds. Note that as described above in the first example, W1
denotes the width of the opening 210 flush with the upper
face of the insulating member 120, and W2 denotes the
width of the bottom face of the opening 210.

[0041] In a step of FIG. 3B, a part under the opening 314
as a part of the silicon oxide 312 is etched by using the resist
pattern 313 as a mask. This step can be performed by, for
example, plasma etching. By this step, an opening 315 is
formed in the silicon oxide 312.

[0042] In a step of FIG. 3C, a part under the opening 315
as a part of the resin 311 is etched by using the resist pattern
313 and the silicon oxide 312 where the opening 315 has
been formed as masks. This step can be performed by, for
example, plasma etching. By this step, an opening 316 is
formed in the resin 311.

[0043] After the step of FIG. 3C, a part under the opening
316 as a part of the insulating member 120 is etched by using
the silicon oxide 312 and the resin 311 as masks. The silicon
oxide 312 can be etched together with the insulating member
120 in this step. However, the resin 311 functions as the
mask after the silicon oxide 312 is etched, resulting in
obtaining the same structure as the structure after the step of
FIG. 2E. Then, the same steps as in FIGS. 2F to 2H can
further be performed.

[0044] According to this example, in the step of FIG. 3C,
aportion S2 of the side face S1 of the opening 210 is covered
with the resin 311. Therefore, the portion S2 is not further

(Second Example)
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etched by plasma etching in this step and its shape does not
change. Hence, the same effect as in the first example is also
obtained in this example.

[0045] (Third Example)

[0046] The third example of the method of manufacturing
a solid-state image sensor 100 will be described with refer-
ence to FIG. 4. A step of FIG. 4A is performed after an
opening 210 is formed in an insulating member 120 with the
same procedure as in the first example described above, that
is, after the step of FIG. 2B.

[0047] Inthe step of FIG. 4A, a member 410 having a high
refractive index such as silicon nitride is formed on the
insulating member 120 so as to fill the opening 210 while
covering the upper face of the insulating member 120. This
step can be performed by, for example, high-density plasma
CVD.

[0048] In a step of FIG. 4B, a resist pattern 411 having an
opening 412 is formed on the member 410. The opening 412
is formed in the planar view such that its outer edge overlaps
a side face S1 of the opening 210. That is, letting W5 be a
width of the opening 412, the relation of W1>W5>W2
holds. Note that as described above in the first example, W1
denotes the width of the opening 210 flush with as the upper
face of the insulating member 120, and W2 denotes the
width of the bottom face of the opening 210.

[0049] In a step of FIG. 4C, a part under the opening 412
as a part of the member 410 and a part under the opening 412
as a part of the insulating member 120 are etched by using
the resist pattern 411 as a mask. This step can be performed
by, for example, plasma etching. By this step, an opening
413 is formed in the member 410 and the insulating member
120. At this time, the opening 413 is preferably formed such
that its side face is inclined.

[0050] Ina step of FIG. 4D, the resist pattern 411 is peeled
off by using the peeling material and is removed.

[0051] In astep of FIG. 4E, a member 414 (silicon nitride
in this example) made of the same material as that of the
member 410 is formed so as to fill the opening 413 while
covering the upper face of the member 410. This step can be
performed by, for example, high-density plasma CVD. Note
that the opening 413 is formed such that its side face is
inclined in the step of FIG. 4C, hardly generating voids
when the opening 413 is filled with the member 414.
[0052] After the step of FIG. 4E, CMP is performed on the
upper faces of the members 410 and 414. Consequently, the
same structure as the structure after the step of FIG. 2G is
obtained. Then, the same step as in FIG. 2H can be per-
formed.

[0053] According to this example, in the step of FIG. 4C,
aportion S2 of the side face S1 of the opening 210 is covered
with the member 410. Therefore, the portion S2 is not
further etched by plasma etching in this step and its shape
does not change. Hence, the same effect as in the first and
second examples is also obtained in this example.

[0054] (Others)

[0055] Some preferred embodiments have been exempli-
fied above. However, the present invention is not limited to
these embodiments. Some embodiments may be changed or
several characteristics of the respective embodiments may
be combined, without departing from the scope of the
present invention.

[0056] (Imaging System)

[0057] FIG. 5 is a block diagram for explaining an
example of the arrangement of a camera to which the
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solid-state image sensor 100 shown in the above-described
examples is applied. In addition to the solid-state image
sensor 100, the camera includes, for example, a signal
processing unit 200, a CPU 300 (or a processor), an opera-
tion unit 400, and an optical system 500. The camera can
further include a display unit 600 configured to display a still
image and a moving image to a user, and a memory 700
configured to store their data. The solid-state image sensor
100 generates image data based on light that has passed
through the optical system 500. The image data undergoes
predetermined correction processing by the signal process-
ing unit 200 and is output to the display unit 600 or the
memory 700. The CPU 300 can change setting information
of each unit or a control method of each unit in accordance
with a shooting condition input via the operation unit 400 by
the user. Note that the concept of the camera includes not
only apparatuses primarily aiming at shooting but also
apparatuses (for example, personal computer and portable
terminal) secondarily having a shooting function.

[0058] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all such modifications and equivalent structures and
functions.

[0059] This application claims the benefit of Japanese
Patent Application No. 2015-140060, filed Jul. 13, 2015,
which is hereby incorporated by reference herein in its
entirety.

What is claimed is:

1. A method of manufacturing a solid-state image sensor,
the method comprising:

preparing a substrate which includes a photoelectric con-

version portion, and an insulating member which is
provided on the substrate;

forming, above the photoelectric conversion portion, a

first opening in the insulating member, the first opening
having a bottom face apart from an upper face of the
substrate and having a first side face inclined to the
upper face of the substrate;

forming a first member so as to fill the first opening;

forming, above the photoelectric conversion portion, a

second opening in the first member;
forming, above the photoelectric conversion portion, a
third opening in the insulating member by etching a
portion of the insulating member between the second
opening and the photoelectric conversion portion by
using the first member having the second opening as a
mask, the third opening having a second side face; and

forming a second member so as to fill the third opening,

wherein an angle formed by the first side face and the
upper face of the substrate is smaller than an angle
formed by the second side face and the upper face of
the substrate.

2. The method according to claim 1, further comprising
removing the first member where the second opening has
been formed after the forming the third opening and before
the forming the second member.

3. The method according to claim 2, wherein the insulat-
ing member contains at least silicon oxide,

the first member contains a resin, and

the second member contains silicon nitride.
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4. The method according to claim 1, wherein the forming
the second opening includes
forming, on the first member, a resist pattern having an
opening such that an outer edge of the opening overlaps
the first side face in a planar view with respect to the
upper face of the substrate, and
etching, by using the resist pattern as a mask, a part of the
first member so as to expose the bottom face of the first
opening and a part of a vicinity of the bottom face as
a part of the first side face.
5. The method according to claim 1, wherein in the
forming the second opening,
a third member is formed on the first member,
a resist pattern having a fourth opening is formed on the
third member,
a part of the third member is etched by using the resist
pattern as a mask, and
apart of the first member is etched, by using as a mask the
third member the part of which has been etched, so as
to expose the bottom face of the first opening and a part
of a vicinity of the bottom face as a part of the first side
face.
6. The method according to claim 1, wherein in the
forming the second opening, on the first member, a resist
pattern is formed by a resist pattern having a fourth opening,
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and the second opening is formed by etching a portion of the
first member under the fourth opening by using the resist
pattern as a mask, and

in the forming the third opening, the third opening is

formed by etching a portion of the insulating member
under the fourth opening by using the resist pattern and
the first member as masks.

7. The method according to claim 1, wherein in the
forming the third opening, in a planar view with respect to
the upper face of the substrate, a part of the first side face is
covered with the first member.

8. The method according to claim 7, wherein the insulat-
ing member contains at least silicon oxide, and the first
member and the second member contain silicon nitride.

9. The method according to claim 1, further comprising,
after the forming the second member, planarizing an upper
face of the second member so as not to expose an upper face
of the insulating member.

10. The method according to claim 1, wherein in the
forming the second member, a light-guide portion is formed
by filling the third opening with the second member, and

the method of manufacturing the solid-state image sensor

further comprises forming an optical element on the
light-guide portion after the forming the second mem-
ber.



